The dissociated core structure of dislocation in two-dimensional triangular lattice is determined by the variational method within lattice theory. The dissociation effect leads to a narrower core width of partial dislocations than the compact one. The equilibrium separation between two partial dislocations is not very sensitive to the intrinsic stacking fault energy and there exists deviation from the intrinsic stacking fault energy criterion in the continuous elastic theory of dislocation. The relationship between the equilibrium separation and intrinsic stacking fault energy is analogous in lattice theory and the Peierls-Nabarro model. But the equilibrium separation obtained in lattice theory is wider than that obtained in the Peierls-Nabarro model for the same intrinsic stacking fault energy.
Introduction
It is widely accepted that extended defects such as dislocations play an important role in defining the mechanical properties of materials [1, 2] . The microscopic details of the dislocation core have a direct influence on the Peierls stress that controls mechanical properties of materials [3] . The core structure of dissociated dislocation is more complex to be determined than the compact one due to the core width of two partial dislocations and the equilibrium separation between them. Atomistic simulation is an effective approach for study of the atomic arrangement in the dislocation core, but the result depends largely on the empirical potential applied [4, 5] . The results of the atomistic simulation, especially the equilibrium separation, are compared with the intrinsic stacking fault energy (ISFE) criterion in continuous elastic theory to verify accuracy. But the reliability of the ISFE criterion is rather different even for the same material with a different model potential [5] [6] [7] . Hartford, et al. considered the structure of a single partial dislocation and combined it with the equilibrium separation from the ISFE criterion to determine the entire structure of dissociated dislocation in the Peierls-Nabarro (P-N) model [8, 9] . However, Schoeck reported that the the equilibrium separation is strongly influenced by the whole profile of the generalized stacking fault energy (γ−surface) rather than uniquely determined by the ISFE, and Kibey, et al. elucidated the relationship between equilibrium separation and the γ−surface, especially on the unstable stacking fault energy in the generalized P-N model [10] [11] [12] . Recently, the boundary problem of the half-infinite lattice has been solved by the lattice Green function method. By virtue of the solution obtained in the boundary problem, a set of dislocation equations has been derived explicitly for the two-dimensional triangular lattice. The dislocation equation only relates to displacement of the atoms on the border. Because the displacement field of a dislocation varies slowly in space, the discrete dislocation equation can be changed into the integro-differential equation [13, 14] . In this paper, the dissociation properties of the dislocation in two-dimensional triangular lattice are presented using the variational method to solve the dislocation equation. The γ−surface (one dimension) in two-dimensional triangular lattice is modified by a modification factor, and the factor controls the entire γ−surface so that the relationship between the γ−surface and the equilibrium separation is more simple than the specific material. Thus, it is easy to discuss the reliability of the ISFE criterion in two-dimensional triangular lattice.
The dissociated structure of the dislocation
The governing dislocation equation related to the displacement of atoms on the border in two-dimensional triangular lattice that takes into account the lattice discreteness derived from lattice theory takes the following form [13, 14] :
where β is a characteristic parameter of the lattice discreteness; is the absolute displacement along the slip direction of the atoms on the border and ( ) is the restoring force; is the lattice constant; and µ and ν are the shear modulus and the Poisson's ratio, respectively. For the case of two-dimensional triangular lattice, β = α/2, the shear modulus µ = √ 3α/4 and the Poisson's ratio ν = 1/4, with α as the harmonic interaction constant.
Eq. (1) can be regarded as the combination of the FrenkelKontorova equation and the P-N equation. In the P-N model, the method of residua in the complex plane introduced by Lejček is used to construct the planar dissociated dislocation core for an arbitrary form of the GSF energy and is extended by Medvedeva, et al. to deal with the solution of the 2D problem [15, 16] . However, Eq. (1) with a second order derivation term can no longer be considered as an example of a Hilbert transformation. Hereafter, the variational method is still used to treat the dissociated core structure in two-dimensional lattice. It can be easily verified that the variational functional of the dislocation equation takes the following form [17] :
where γ( ) is the GSF energy, and the restoring force can be obtained from the gradient of the GSF energy ( ) = −∂γ( )/∂ where the relative displacement = 2 + /2. The GSF energy curve (γ−surface) can be expressed in Fourier series due to its periodicity along the slip direction. Hereafter, the Fourier series is truncated in the second-harmonic term and the elastic limit is required to recover. Then, we have the simplest form of the modification of the sinusoidal force law:
where ∆ is a modification factor of the sinusoidal force law and the sinusoidal force law can be achieved while ∆ = 0, and is the vertical space between two parallel layers with = √ 3 /2 in two-dimensional triangular lattice. In Ref. [17] the variational method is applied to derive the compact core structure in two-dimensional lattice without discussion of dissociation of the core due to the GSF energy with a different modification factor. It is well known that a dislocation can be dissociated into two Shockley partial dislocations bounding a stacking fault ribbon under the condition that the stacking fault is stable viz. there is a minimum in the GSF energy [18] . ∆ = −0 5 is the transition point of the GSF energy and ∆ > −0 5 according to the unstable stacking fault. While ∆ < −0 5, the stacking fault is stable and the intrinsic stacking fault energy can be written as
The modification factor and the intrinsic stacking fault energy are in one-to-one correspondence, and the complete profile of the GSF energy is determined fully by the modification factor as shown in Fig. 1 . In order to understand the dissociation properties associated with the stacking fault energy, the dissociated structure of the dislocation core should be constructed for Eq. (1). The dissociated dislocation core can be understood as the superposition of two fractional dislocations with the same Burgers vector /2 and core width ζ , with a distance between them. The Burgers vector coincides with the Frank energy criterion. The profiles of two fractional dislocations are
where 
After rearrangement, the misfit energy can be expressed as
The first integration of Eq. (9) can be obtained by applying the parametric derivation method, combined with the following approximation [19] :
and the result is: 
By substituting Eq. (11) and Eq. (13) into Eq. (9), the misfit energy can be obtained expediently. The total energy is
The geometric variational parameters 0 and can be determined for a fixed modification factor ∆ by solving the following algebraic equations:
For further consideration, the modification factor is taken as ∆ = −0 8, the equilibrium separation between two partial dislocations as = 7 0 ; for the dissociated case, = 0 81 and the core width of partial dislocation ζ = 3 0 ; for the corresponding compact dislocation, = 0 84 and the core width ζ = 3 6 [17] . Although both the compact and dissociated states of dislocation can exist in the lattice, the compact state belongs to the high energy state [20] . For β = 0, Eq. (1) turns into the P-N equation, namely the discreteness is neglected, the equilibrium separation = 5 7 , and = 0 77, ζ = 2 5 for the dissociated dislocation, = 0 79, ζ = 2 8 for the compact one. The core width and the equilibrium separation in the P-N model are narrower than that achieved in the lattice theory of dislocation with the consideration of the full discreteness of the lattice. Furthermore, we choose a set value of 0 , and the core width of partials ζ increases as the equilibrium separation increases for the same modification factor ∆. This means that the so-called core-structure effect is present between the two partial dislocations.
In the framework of the continuous elastic theory of dislocation, the equilibrium separation between the two partials can be determined from the balance between the repulsive force and attraction interaction due to the gain in the intrinsic stacking fault energy = µ 2 8π(1 − ν)γ I (17) As is well known, the concept of Volterra dislocation is applied in the continuous elastic theory of dislocation. This means the dislocation core is a singularity line where the relative displacement between the two sides of the glide plane is assumed to be jumped from 0 to . However, the dislocation core is a region in which the relative displacement undergoes a gradual transition, namely the stacking fault is not the pure intrinsic stacking fault between the two partial dislocations and the core structure size effect cannot be neglected [7] . For ∆ = −0 8, the equilibrium separation of the two partials is = 9 1 from Eq. (17), rather than = 7 0 or = 5 7 . The discrepancy indicates that the equilibrium separation predicted by Eq. (17) deviates from the results obtained in the P-N model, and the more detailed comparison is illustrated in Fig. 2 . The equilibrium separation between two partials is not very sensitive to the ISFE and there exists deviation from the ISFE criterion in continuous elastic theory. Thus, application of the ISFE criterion to determine the equilibrium separation should be done with extra caution. [8, 21, 22] .
Conclusions
With the consideration of the modification of the sinusoidal force law (modification factor ∆ < −0 5), the dissociated core structure of dislocation in two-dimensional triangular lattice is determined by the variational method within lattice theory. The core width of partial dislocation is narrower than the corresponding compact dislocation due to the dissociation effect. The reliability of the extensively used intrinsic stacking fault energy criterion in continuous elastic theory of dislocation is discussed in two-dimensional triangular lattice. The equilibrium separation between two partial dislocations is not very sensitive to the intrinsic stacking fault energy and there exists deviation from the intrinsic stacking fault energy criterion. The relationship between the equilibrium separation and intrinsic stacking fault energy is analogous in lattice theory and the Peierls-Nabarro model. But the equilibrium separation obtained in lattice theory is wider than that obtained the in Peierls-Nabarro model for the same intrinsic stacking fault energy due to the consideration of discreteness of lattice.
